The C stored in soils is nearly three times that in the aboveground biomass and approximately double that in the atmosphere. Reliable estimates have been difficult to obtain due to a lack of global data on kinds of soils and the amount of C in each soil. With new data bases, our study is able to provide more reliable data than previous estimates. Globally, 1576 Pg of C is stored in soils, with ~ 506 Pg (32%) of this in soils of the tropics. It is also estimated that =40% of the C in soils of the tropics is in forest soils. Other studies have shown that deforestation can result in 20 to 50% loss of this stored C, largely through erosion.
these studies is related to impacts of potential global climate change, the contributions have applications in all fields ranging from energy sources to agriculture. A very important product of such studies would be in the area of mitigating the effects of global climate change, that has a direct relationship to agriculture and specifically to organic matter management in soils (Johnson and Kerns, 1991) . A better understanding of the terrestrial reservoir has benefits far beyond the current objectives of C sequestration in soils and the detrimental effects of greenhouse gases.
Estimates of global C content in soils have been made; some of the more recent are those of Bohn (1976 Bohn ( , 1982 , Buringh (1984) , and Kimble et al (1990) . The problems of making accurate global estimates result from: (i) very high spatial variability in C content of soils; (ii) unreliable estimates of area occupied by kinds of soils; (iii) unavailability of reliable data, particularly bulk density, to compute volumetric composition; and (iv) the confounding effect of vegetation and land use changes.
Every study has shown considerable variability in the range of organic C in classes of soils. Employing Published in Soil Sci. Soc. Am. J. 57:192-194 (1993) . the coefficient of variation as an expression of the variability, Table 2 shows the reliability of most generalizations. In order to obtain global estimates, such variability must be understood and accepted.
Materials and Methods
The most reliable estimate of global soil distribution is the FAO-UNESCO (1971 -1981 Soil Map of the World. Unfortunately this map is not accompanied by appropriate attribute files providing properties for the map units. The study of Bohn (1982) was made using estimates of soil areas based on this map and C content of soils from a sparsely distributed set of pedons.
During the last 2 yr, the staff of World Soil Resources of the USDA Soil Conservation Service (WSR-SCS) has attempted to collate data from national sources. This is a continuing process. The current data set has = 1000 pedons from 45 countries (mostly in the tropics) and an additional 15 000 pedons from the USA. In collaboration with other agencies, WSR-SCS, is in the process of developing a map showing major soil regions of the world (Eswaran et al, 1993) . The 'map is digitized, and initial area estimates for the different map units of soils are available. The WSR-SCS has also developed a data base on C in soils of the world, using the WSR-SCS data base and published information. Based on this global data base on organic C, each map unit on the Major Soil Regions of the World map is assigned a value for the organic C content to a 1-m depth. If the map unit has representative pedons, the average value is employed for the map unit. If the map unit has no pedons, a "best value" is assigned based on the soil classification and the soil moisture and temperature regime of the area. This assigned value is multiplied by the area of the map unit to obtain the total C content for the unit. Because the data for CO 3 -C are incomplete, this information is not estimated in the current study. The region between the Tropics of Cancer and Capricorn is considered the tropics, and similar estimates were also made for soils in this zone.
Results and Discussion
The organic C content for each of the suborders of soils as defined in Soil Survey Staff (1975) is provided in Table 3 . The total mass of organic C stored in the soils of the world is 1576 Pg, of which -32% (or 506 Pg) is found in the tropics (Table 4) . The global estimate is close to the estimate made by Buringh (1984) and deviates from those of Kimble et al. (1990) and Bohn (1982) . Histosols were not included in the study of Kimble et al. (1990) and, additionally, they made their estimates by using unpublished area data of soils estimated by the SCS in the 1950s.
Lack of suitable data, in terms of measured organic C and bulk density, is still a problem with respect to arriving at reliable estimates. This is particularly the case with Histosols, for which bulk density measurements are frequently lacking. The amount of C in Histosols is a gross underestimation because only a 1-m depth is considered; in many cases, the actual depth of the organic soil is much greater than 1 m. Litter layer, a significant component in the cooler regions of the world and under forest canopy, is also not considered in the current estimate. Carbonate-C, which is present in significant amounts in soils of the arid and semiarid parts of the world, will greatly increase the total C content in soils. Reliable data (Bouwman, 1990) due to differences in criteria used to define this ecosystem. An acceptable value is =15.4 million km 2 (Post et al., 1982) . Table 5 provides estimates for the C stored in soils with an udic or aquic soil moisture regime in the tropics. These soils have the potential to support tropical rain forest vegetation and have an area of = 17.5 million km 2 (estimate from the Major Soil Regions of the World map).
In the tropics, most Histosols are still under forest, though most Andisols, Oxisols, and Ultisols have been or are being deforested for agriculture. Of the 206 Pg (Table 5 ) of organic C stored in the potential forest soils (areas with udic or aquic soil moisture regimes), =184 Pg is estimated (Post et al., 1982) to be stored in the present-day tropical forest soils. The difference of 10% is attributed to losses due to conversion of forest lands to mainly agriculture. With increased deforestation, these losses can be expected to increase. Post et al. (1990) estimated that 574 Pg of C are stored in the aboveground vegetation of the world's terrestrial ecosystems, and Brown and Lugo (1984) indicated that = 102 Pg is stored in the biomass of tropical forests. The latter is =55% of the amount in forest soils, based on the estimated soil C content of Post et al. (1990) . Based on this study, the amount stored in the biomass of tropical forests is only =20% of that stored in tropical soils as a whole.
Large areas of forest land in the tropics have been and are being cleared for agriculture and other purposes. Shifting cultivation and slash and burn agriculture are still practiced in many countries of the tropics and, with 
-Pg ------- minimal or no soil conservation practices, soil erosion is rampant. Deforestation can result in a 20 to 50% loss of this stored C in the tropics (Brown and Lugo, 1984) , much of the loss resulting from erosion of the organicrich surface horizons. Replenishing this is a slow process not easily achieved. Soil conservation, apart from its other benefits' also assists in maintaining this reservoir of soil C.
